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(54) Fuel-delivery control system 

(57) A fuel-delivery control system (10) for a fuel 
tank (12) includes a housing module (62) formed to in- 
clude a fuel-delivery channel (64) and a check valve as- 
sembly (66) positioned to lie in fuel-delivery channel 
(64). Check valve assembly (66) includes a support 
base (88) appended to housing module (62), a valve 
member (90) slidably coupled to support base (88) for 



movement between a channel-closing position engag- 
ing housing module (62) and a channel-opening position 
disengaging housing module (62). Support base (88) 
and valve member (90) are formed to include a closed 
interior region (130) therebetween. A spring (92) lies in 
closed interior region (130) and yieldably urges valve 
member (90) toward its channel-closing position. 
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D scription 

Background and Summary of the Invention 

This invention relates to a fuel system, and partic- 
ularly to a fuel-delivery control system. More particularly, 
this invention relates to a filler neck and a valve assem- 
bly for regulating flow of liquid fuel and fuel vapor 
through a fuel tank filler neck. 

A filler neck is a tube which conducts liquid fuel from 
a fuel-dispensing pump nozzle to an interior fuel storage 
region in a fuel tank. Although an open passageway 
through the filler neck into the fuel tank is needed during 
refueling to conduct liquid fuel from a pump nozzle into 
the fuel tank, it is desirable to close the filler neck at all 
other times to block discharge of liquid fuel and tuel va- 
por from the fuel tank through the filler neck. In many 
cases, a fuel cap is mounted on an outer end of the filler 
neck to close the filler neck during the time period before 
and after each tank refueling activity. 

It is also known to use a check valve with a fuel tank 
inlet neck to close the filler neck under certain circum- 
stances. Typically, such a check valve, where used, has 
been a swinging trap door or a floating ping-pong ball in 
a cage. The disadvantage of these systems is that, 
when located at or below liquid level in the fuel tank, it 
is difficult to initiate fuel fill into the fuel tank since the 
existing fuel in the fuel tank must be displaced for the 
check valve to open. 

What is needed is a fuel-delivery control system 
apart from a cap that can automatically close a passage- 
way through a filler neck under normal conditions and 
openthe filler neck passageway during refueling. Ideally 
such a system would be designed to maximize the flow 
rate of liquid fuel into the fuel tank during refueling with- 
out creating a lot of unwanted fuel vapor In addition, 
such a control system should provide a fast response to 
close the passageway in the event of a sudden rise in 
tank pressure, as when the tank achieves a full level. 
Rapid closure of the passageway prevents flow reversal 
from the tank which can result in "spitback 0 or the spray 
of fuel from the filler neck as the fuel-dispensing pump 
nozzle shuts off. 

According to the present invention, a fuel-delivery 
control system is provided for regulating flow through a 
filler neck into a fuel tank. The system includes a hous- 
ing module formed to include a fuel-delivery channel 
and a check valve assembly positioned to lie in the fuel- 
delivery channel. 

The check valv ass mbly includes a support bas , 
a valve m mb r, and a spring. Th support base is ap- 
p nded to the housing modul . The valv m mber is 
coupled to the support base for sliding movement be- 
twe n a channel-closing position ngaging the housing 
modul and a channel-opening position disengaging the 
housing module. Th support base and valve m mber 
are formed to include a closed interior region therebe- 
tween. The spring is positioned to lie in the closed inte- 
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rior region and yieldably urge the valve member toward 
its channel-closing position. 

In preferred embodiments, the support base in- 
cludes a radially extending mounting fixture appended 
s to an interior wall of the fuel-delivery channel and a con- 
ical tail fixed to an axially extending edge of the mount- 
ing fixture. The conical tail is arranged to extend along 
the longitudinal axis of the fuel-delivery channel in 
spaced-apart relation from the interior wall of the fuel- 
's delivery channel. The support base further includes a 
cylindrical guide sleeve appended to a circular forward 
end of the conical tail. 

The housmc module includes a circular valve seat 
provided in ihc luel-delivery channel. Illustratively, the 
is housing module containing the check valve assembly is 
mounted adjacent to the fuel tank in an inlet throat tube 
appended to the fuel tank. 

In a first embodiment, the valve member includes a 
dome-shaped closure member facing toward the circu- 
20 lar valve seal arid a slidable guide stem extending into 
the cylindrical guide sleeve included in the support base. 
Illustratively, the spring is placed in an interior space 
formed inside the guide sleeve of the support base and 
the guide stem of the valve member. The spring is a 
25 compression spring that normally acts : at all times other 
than refueling, to exert a biasing force against the dome- 
shaped closure member so that it sealingly engages th 
circular valve seat formed in the fuel-delivery channel to 
block flow of liquid fuel and fuel vapor through the f uel- 
30 delivery channel. 

In a second embodiment, the valve member in- 
cludes a base portion, an annular seal member, and a 
somewhat conical nose portion. When the valve mem- 
ber is moved by the spring to its fuel-delivery closing 
35 position, the annular seal member sealingly engages 
the circular valve seat formed in the housing module. 

In a third embodiment, the length of the tail in the 
support base and the length of the valve member are 
shortened as compared to other embodiments to pro- 
40 duce a smaller, more compact check valve assembly. 
At the same time, the length of the housing module con- 
taining the check valve assembly is also minimized. 

A filler neck is used to conduct liquid fuel from a fill- 
ing station pump nozzle to the fuel tank. An outer end 
45 of the filler neck carries a removable fuel cap and an 
inner end of the filler neck is connected to the housing 
module so that liquid fuel conducted through the filler 
neck will pass through the fuel-delivery channel formed 
in the housing module on its way into the fuel tank. The 
50 check valv assembly lies in that f uel-d livery channel 
and functions tor gulat flow of liquid fuel and fuel vapor 
betw en the filler n ck and the fuel tank. 

During refueling, liquid fu I discharged by a pump 
nozzle into the filler neck operates to move the valve 
55 memb r automatically to its f uel-d livery channel-open- 
ing position in th following manner. Liquid fuel passes 
through the filler neck on its way toward the fuel tank, 
strikes the component (e.g., either the dome-shaped 
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closure or the conical nose portion and annular s al 
member) that is in engagement with the circular valve 
seat provided in the fuel-delivery channel, and urges the 
valve member in an axially inward direction against its 
biasing spring and away from the circular valve seat pro- s 
vided in the fuel-delivery channel. This movement cre- 
ates an annular fluid-conducting space around the 
dome-shaped closure or conical nose portion so that liq- 
uid fuel dispensed by the pump nozzle can pass around 
the valve member and support member and through the io 
fuel-delivery channel into the fuel tank. 

The check valve assembly is designed and config- 
ur d to control flow of liquid fuel and fuel vapor through 
the fuel-delivery channel without causing the flow of liq- 
uid fuel passing around the movable member and fixed is 
support member to become turbulent when the vaive 
member is moved to its fuel-delivery channel-opening 
position during refueling. Turbulent liquid fuel flow cre- 
ates unwanted fuel vapor and also creates unwanted 
back pressure in the fuel tank that might lead to prema- 20 
ture shutoff of the filling station pump nozzle. Advanta- 
geously, the flow annulus around the valve member is 
only slightly larger than the inlet passage of the fuel-de- 
livery channel and the check valve assembly elements 
are tapered, contoured, and arranged to minimize tur- 2s 
bulent flow of liquid fuel during refueling. 

In addition, an exhaust passage is provided to dis- 
charge air or fuel vapor from interior space receiving the 
spring and lying between the support base and the valve 
member to an exit portion of the support member. This 30 
exhaust passage functions to exhaust air or fuel vapor 
from the spring-receiving interior space during rapid 
op ning of the valve and to allow fuel tank pressure to 
assist the spring in valve closure when tank pressure 
increases suddenly. 35 

Additional objects, features, and advantages of the 
invention will become apparent to those skilled in the art 
upon consideration of the following detailed description 
of preferred embodiments exemplifying the best mode 
of carrying out the invention as presently perceived. 40 

Brief Description of the Drawings 

The detailed description particularly refers to the ac- 
companying figures in which: 45 

Fig. 1 is a diagrammatic view of a vehicle fuel tank 
having a small internal diameter filler neck and an 
Onboard Refueling Vapor Recovery (0:R.VR.)fuel 
syst m including a fuel-delivery control system in so 
accordance with the pres nt inv ntion, the fuel- 
delivery control system being positioned in the filler 
neck to regulate flow of liquid fu I and fuel vapor 
through th filler neck; 

Fig. 2 is a longitudinal sectional vi w of the fu I- ss 
delivery control system of Fig. 1 showing a housing 
module mounted in a portion of the filler neck adja- 
cent to the fuel tank and formed to include a fuel- 



delivery channel and a check valve assembly 
mounted in the fuel-delivery channel and arranged 
normally in a closed position to block flow of fuel 
through the fuel-delivery channel; 
Fig. 3 is a view similar to Fig. 2 showing the check 
valve assembly of Fig. 2 in its flow-conducting 
opened position during refueling; 
Fig. 4 is a longitudinal sectional view of a fuel-deliv- 
ery control system in accordance with a second 
embodiment of the invention showing a check valve 
assembly carrying an annular seal member and 
lying in a closed position to lock flow of fuel through 
a fuel-delivery channel provided in a housing mod- 
ule mounted in a fuel tank inlet; 
Fig. 5 is a view similar to Fig. 4 showing the check 
valve assembly of Fig. 4 in its flow-conducting 
opened position during refueling; 
Fig. 6 is a longitudinal sectional view of a fuel-deliv- 
ery control system in accordance with a third 
embodiment of the invention showing a short check 
valve assembly carrying an annular seal member 
and lying in a closed position to block flow of fuel 
through a fuel-delivery channel provided in a hous- 
ing module mounted in a fuel tank inlet; and 
Fig. 7 is a view similar to Fig. 6 showing the check 
valve assembly of Fig. 6 in its flow-conducting 
opened position during refueling. 

Detailed Description of the Drawings 

A fuel system 10 for use with a vehicle is shown in 
Fig. 1. Fuel system 10 includes fuel tank 12, filler neck 
14, fill-limit valve 16, run-loss valve 18, control valve 20, 
and fuel-delivery control apparatus 22. Filler neck 14 
conducts liquid fuel to fuel tank 12 and inlet check valve 
assembly 22 regulates flow of liquid fuel and fuel vapor 
through filler neck 14. Fill-limit valve 16 and the run-loss 
valve 1 8 regulate venting of a vapor space 24 in the in- 
terior region 26 of fuel tank 12. Control valve 20 func- 
tions to control the operation of fill-limit valve 1 6 and run- 
loss valve 18. Vented fuel vapor discharged from vapor 
space 24 of fuel tank 12 through control valve 20 is con- 
ducted to a vapor recovery canister 28 or other destina- 
tion via a discharge conduit 30. 

Fuel tank 1 2 includes an inlet tube 32 in which fuel- 
delivery control apparatus 22 is mounted as shown in 
Fig. 1. Filler neck 14 includes a mouth 34 at one end 
and a discharge outlet 36 at the other end. Fuel-delivery 
control apparatus 22 has an inner end 38 arranged to 
extend into int rior region 26 of fuel tank 12 and an outer 
end 40 coupled to discharge outl t 36 of filler n ck 14. 
Mouth 34 is formed to recerv a fueWispensing pump 
nozzle (not shown) during refu ling and a closure cap 
42 at ail other tim s. 

Illustratively, the filler neck 14 includes a small-di- 
ameter tube 44 made of steel with rubber connections 
and having an internal diameter 46 of about 0.825 inch 
(2.10 cm). The discharge outlet 36 is formed in one end 
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of small-diameter tube 44 as shown in Fig. 1 . The fill r 
neck 14 further includes a cup 47 having an inlet end 
configured to receive a pump nozzle (not shown) and a 
necked-down outlet end 49 attached to an outer end of 
small-diameter tube 44 as shown in Fig. 1 . The outer 
mouth 34 of filler neck 14 is enlarged in size relative to 
small-diameter tube 44 to receive a conventional clo- 
sure cap 42 as shown in Fig. 1 . 

The vehicle fuel fill tube (filler neck) 44 used with 
the inlet check valve assembly 22 is located between 
the fuel cap adapter 47 and the inlet check valve assem- 
bly 22 at the tank inlet 32. Conventional filler tubes are 
typically of relatively large diameter (approximately 1.5 
inches (38 mm)) and fuel enters the tank at a velocity 
directly related to the height of the fuel cap adapter 
above the fuel level in the tank. Vapor exiting the tank 
cannot pass through a restriction greater than the pres- 
sure drop corresponding to the height of the filler neck 
inlet. This "fill pressure" available limits the design of On- 
board Refueling Vapor Recovery systems since compo- 
nents must be sized for minimum vapor flow restriction 
to permit high fill rates. 

If the cap adapter is shaped to act as a very efficient 
funnel as described in the co-pending application to Tim 
King, the filler tube 44 can be substantially downsized 
to have an internal diameter 46 of 1.00 inch (25.4 mm) 
or 0.825 inch (21.0 mm). When fuel is introduced 
smoothly into the downsized tube 44 by the funnel- 
shaped inlet 49, the velocity of the dispenser nozzle is 
maintained, preventing any vapor from flowing back up 
the tube 44 and maintaining a "liquid seal" against vapor 
loss to atmosphere. The high velocity also minimizes 
turbulence around the check valve assembly 22. As the 
fuel enters the tank 12, the velocity is converted to static 
pressure, adding to the pressure potential resulting from 
the filler neck height. This higher total pressure potential 
allows use of smaller, more flow-restrictive, O.R.V.R. 
components for lower cost while maintaining desirable 
high fill rates without flow reversal which results in fill 
nozzle shutoffs before full fill level is reached. 

Fill-limit valve 16 functions to vent pressurized fuel 
vapor from vapor space 24 in fuel tank .12 during refu- 
eling as long as the level of liquid fuel 48 in interior region 
26 of fuel tank 12 has not exceeded a predetermined 
maximum limit. For safety reasons, fuel systems are de- 
signed so that the fuel tank is never completely filled 
with liquid fuel. Rather, at least a predetermined portion 
of the fuel tank is left for liquid fuel and fuel vapor ex- 
pansion. Although fuel-dispensing pump nozzles typi- 
cally include sensors for shutting off the flow of liquid 
fuel into the fu I tank when the fu I tank is nearly filled, 
pump nozzle operators may manually override the sen- 
sors by continuing to pump fu I after the sensors have 
automatically shut the pump nozzle off. To assist in pr - 
venting tank overfill und r such conditions, the fill-limit 
valve 16 prevents the escap of fuel vapor through the 
fuel system 10, and thus assists in triggering the pump 
nozzle shut-off mechanism, when the level of liquid fuel 



48 in fu I tank 12 has risen to a predetermined level. 
Reference is hereby made to Robert S. Harris* U.S. Pat- 
ent Application No. 08/241 ,186, entitled "Fill Limit Valve 
Assembly" and filed May 11, 1994 : for a description of 

5 a suitable fill-limit valve. 

Run-loss valve 1 8 functions to vent vapor space 24 
in fuel tank 1 2 during operation of a vehicle (not shown) 
containing fuel tank 12. Run-loss valve 18 controls fuel 
vapor loss during vehicle run and is capable of prevent- 

io ing liquid fuel carryover during vehicle rollover. Refer- 
ence is hereby made to U.S. Patent No. 5,234,013 to 
Roetker et al. for a description of a suitable run-loss 
valve. 

Control valve 20 functions to control discharge of 

'5 fuel vapors from fuel tank 1 2 to a vapor recovery canister 
28. A first vapor inlet passageway 50 conducts tank fuel 
vapor from fill-limit valve 1 6 to first input port 52 on con- 
trol valve 20 and a second vapor inlet passageway 54 
conducts tank fuel vapor from run-loss valve 1 8 to a sec- 

20 ond input port 56 on control valve 20. A signal passage- 
way 58 extends between the enlarged inlet end 34 of 
filler neck 14 and a signal port 60 on control valve 20 to 
conduct fuel vapor from cup 47 in filler neck 1 4 to assist 
in actuating control valve 20. Control valve 20 operates 

25 to discharge fuel vapor from either first or second vapor 
inlet passageway 50, 54 to vapor recovery canister 28 
through discharge conduit 30. Reference is hereby 
made to U.S. Patent No. 5,318,069 to Robert S. Harris 
for a description of a suitable tank venting and vapor 

30 recovery system control valve 20. 

Fuel-delivery control apparatus 22 is shown in 
greater detail in Figs. 2 and 3. Apparatus 22 is config- 
ured to regulate flow of liquid fuel and fuel vapor be- 
tween fuel tank 12 and filler neck 14 in the manner de- 

35 scribed below. Fuel-delivery control apparatus 22 in- 
cludes a housing module 62 formed to include fuel-de- 
livery channel 64 extending therethrough from inner end 
38 to outer end 40. Fuel-delivery control apparatus 22 
further includes an inlet check valve assembly 66 posi- 

40 tioned to lie in fuel-delivery channel 64and regulate flow 
of liquid fuel and fuel vapor therethrough. 

Housing module 62 is an elongated sleeve-like el- 
ement made of plastics material such as acetal. Housing 
module 62 includes a cylindrical inner tube 68, a cylin- 

45 drical outer tube 70, and a cylindrical mounting fixture 
72 having one end 74 appended to a central junction 76 
between the inner and outer tubes 68, 70. The housing 
module 62 is illustratively installed in fuel tank inlet tube 
32 as shown in Fig. 2 so that inner tube 68 extends 

so through fuel tank inlet tube 32, mounting fixture 72 en- 
gages and surrounds an outermost end of fuel tank inl t 
tube, andoutertube70 li s outside of fuel tank inl ttube 
32 and connects to the discharg outlet 36 of fill rn ck 
• 14. 

55 As shown in Fig. 2, the outer tube 70 has a conical 
interior wall 78 d fining a narrow throat entry angle 70 
of about 7°. Preferably, outer tube 70 is configured so 
that this narrow throat entry angle 80 lies in a range of 
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0°to25°. Illustrativ ly, the inlet apertur 82of outertube 
70 has an internal diameter that is nearly equivalent to 
the int mal diameter 46 of the small-diameter tube 44. 
Junction 76 defines a •"throat" section of housing module 
62 and includes another conical interior wall 84 defining 
a narrow throat exit angle 86 of about 15°. Preferably, 
the throat exit angle 86 lies in a range of 10° to 25°. 

Inlet check valve assembly 66 includes a support 
base 88 attached to housing module 62, a valve mem- 
ber 90 mounted for sliding movement on the support 
base 88 : and a spring 92 arranged to act against support 
base 88 and yieldably urge valve member 90 into en- 
gagement with a circular valve seat 94 defined by con- 
ical interior wall 84 inside housing module 62. Inlet 
check valve assembly 66 is positioned to lie in the fuel- 
delivery channel 64 formed in housing module 62 as 
shown in Fig. 2. Illustratively, valve member 90 is slida- 
ble between a channel-closing position shown in Fig. 2 
and a channel-opening position shown in Fig. 3. 

Support base 88 includes an elongated tail 96 and 
a mounting fixture 98 for supporting the elongated tail 
96 in a position extending through fuel-delivery channel 
64 and along the longitudinal axis 99 of housing module 
62 as shown in Figs. 2 and 3. Mounting fixture 98 in- 
cludes a mounting sleeve 110 for snap-fitting into the 
inner end 38 of housing module inner tube 68 as shown 
in Fig. 2. Mounting fixture 98 also includes a thin, trap- 
ezoidally shaped, radially extending support flange 112 
having one longitudinally extending edge 1 1 4 appended 
to an interior wall of mounting sleeve 110 and another 
longitudinally extending edge 116 appended to an exte- 
rior surface of elongated tail 96. The mounting fixture 98 
functions to mount support base 88 in a rigid fixed po- 
sition in fuel-delivery channel 64 without disrupting or 
otherwise increasing turbulence of liquid fuel flow 
through fuel-delivery channel 64. 

Support base 88 further includes a guide sleeve 1 1 8 
appended to tail 96 and configured to receive a portion 
of valve member 90 and spring 92 therein as shown, for 
example, in Fig. 2. Illustratively, guide sleeve 118 is 
formed to include an axially extending passage as 
shown in Fig. 2. Support base 88 also includes an an- 
nular ring-shaped stop flange 1 22 extending around the 
circumference of tail 96 and facing toward annular valve 
seat 94 formed in housing module 62. 

Illustratively, tail 96 has a somewhat conical shape. 
As shown in Fig. 2, tail 96 has a broad end facing toward 
annular valve seat 94, a distal tip lying near fuel tank 1 2, 
and a conically shaped exterior side waJI converging 
from the broad nd to th distal tip. Guide sleeve 1 18 is 
appended to the broadest nd of tail 96. 

Valve member 90 is movable between a channel- 
closing position shown in Fig. 2 and a channel-op ning 
position shown in Fig. 3. Valve m mb r 90 includes a 
dom -snap d closure member 124 facing valve seat 94 
and a cylindrical tubular guide stem 1 26 conn cting to 
an interior wall in dome-shaped closure member 124. 
The tubular guide stem 126 is oriented to extend away 



from valv seat 94 and into passage 1 20 formed in guide 
sleeve 1 1 8 as shown, for example, in Fig. 2. The tubular 
guide stem 126 is arranged to define an annular space 
128 inside the interior region of the dome-shaped clo- 
5 sure member 1 24 and around an exterior surface of the 
tubular guide stem 126. An axially outer portion of cylin- 
drical guide sleeve 118 passes into and out of annular 
space 128 during reciprocating sliding movement of 
valve member 90 relative to fixed support base 88 in 
10 fuel-delivery channel 64 as shown in Figs. 2 and 3. 

An interior region of tubular guide stem 126 on sli- 
dable valve member 90 and an interior region of guide 
sleeve 118 on fixed support member 88 cooperate to 
define a closed interior region or chamber 1 30 of varia- 
is ble size receiving spring 92 therein. An axially outer end 
of spring 92 abuts an interior wall of dome-shaped clo- 
sure member 124 and an axially inner end of spring 92 
abuts a springmount 1 32 formed as a round disk on tail 
96 as shown in Fig. 2. Spring 92 also includes a middle 
20 segment 133 interconnecting its opposing ends and 
passing through an internal passageway formed in tu- 
bular guide stem 126. 

Spring 92 is illustratively a coiled compression 
spring configured normally and yieldably to urge dome- 
25 shaped closure member 124 into engagement with con- 
ical valve seat 94 formed in junction 76 of housing mod- 
ule 62 as shown in Fig. 2. Such engagement effectively 
closes the fuel-delivery channel 64 formed in housing 
module 62. If one or both of dome-shaped closure mem- 
30 ber 1 24 and valve seat 94 are made of a suitable sealing 
material, then engagement of dome-shaped closure 
member 1 24 and valve seat 94 will establish a zero-leak 
connection inside housing module 62 blocking transmis- 
sion of any liquid fuel or fuel vapor through fuel-delivery 
35 channel 64. 

Support base 88 is formed to include an annular, 
ring-shaped stop flange 122 around an exterior portion 
of guide sleeve 118 as shown, for example, in Fig. 2. An 
- annular stop face 135 is appended to an axially rear- 
40 wardly facing edge of dome-shaped closure member 
124. Annular stop face 135 is arranged to confront the 
axially forwardly facing annular stop flange 134 on sup- 
port base 88 as shown in Figs. 2 and 3. 

In use, spring 92 normally urges movable valve 
45 member 90 in an axially outward direction in fuel-deliv- 
ery channel 64 along axis 99 away from fixed support 
base 88 so that dome-shaped closure member 124 en- 
gages conical valve seat 94 to close fuel-delivery chan- 
nel 64 as shown in Fig. 2. During tank refueling, liquid 
50 fuel 48 discharg d into filler neck 14 by th fuel-disp ns- 
ing pump nozzle (not shown) passes into outer nd 40 
of fu l-d livery channel 64, strikes dome-shap d clo- 
sure memb r 124, and moves dom -shap d closur 
member 1 24 in an axially inward dir ction against spring 
55 92 along axis 99 to a retracted position disengaging con- 
ical valve s at 94 as shown in Fig. 3. Now liquid fuel 48 
is free to pass along and around an exterior surface of 
dome-shaped closure member 124 and through a flow 



9 EP 0 714 800 A1 10 



annulus 1 36 defined between an interior wall of housing 
module 62 and an exterior surface of dome-shaped clo- 
sure member 124 as shown in Fig. 3. 

Illustratively, components in. fuel-delivery control 
apparatus 22 are sized and shaped so that the effective 
"opening" area provided by flow annulus 136 is about 
1 1 0% to 1 1 5% of the effective opening area provided by 
inlet aperture 82 at the outer end 40 of housing module 
62. This small increase in the effective opening area be- 
tween the inlet to fuel-delivery channel 64 and a maxi- 
mum external diameter of support base 88 and valve 
member 90 functions to minimize turbulence of liquid 
fuel 48 passing around support base 88 and valve mem- 
ber 90 through fuel-delivery channel 64 on its way from 
filler neck 14 into fuel tank 12. Minimizing liquid fuel tur- 
bulence during refueling helps to retard creation of fuel 
vapor during refueling which can advantageously pre- 
vent premature pump nozzle shutoff and development 
of unwanted fuel system back pressure. 

Illustratively, the inlet check valve assembly 66 has 
a somewhat lorpedo-like" shape as shown in Figs. 2 
and 3. In the embodiment shown in Figs. 2 and 3, the 
transverse cross-sectional area of flow annulus 36 is 
0.562 square inches (3.625 square centimeters) and the 
internal diameter of inlet aperture 82 is 0.535 square 
inch (3.45 square centimeters). Thus, in a preferred em- 
bodiment, the effective size of flow annulus 36 is about 
five percent greater than inlet aperture 82. The torpedo 
(e. g. , valve member 90 and support base 88) collapses 
within Its own length to provide the passage opening 
through flow annulus 36. Therefore, if inlet check valve 
assembly 66 is partially submerged in liquid fuel 48 
when it is desired to open flow annulus 36, no existing 
liquid fuel 48 must be displaced to allow valve member 
90 to move to the opened position shown in Fig. 3. 

Air or fuel vapor within the interior of the torpedo- 
like inlet check valve assembly 66 when the assembly 
66 is in its closed position shown in Fig. 2 is vented out 
through a single vent aperture 138 formed in support 
base 88 to facilitate movement of valve member 90 to 
the retracted position shown in Fig. 3. Although this vent 
aperture 138 could be located in a wide variety of loca- 
tions, such aperture 138 preferably extends along cen- 
tral axis 99 as shown in Figs. 2 and 3. When back pres- 
sure is created in fuel tank 12 by closure or restriction 
of a vapor flow path, this pressure reacts through the 
vent aperture 1 38 formed in tail 96 to assist spring 92 in 
moving the valve member 90 to its closed position 
shown in Fig. 2. If this feature is not desired, the vent 
can be a series of radial holes in the diffuser section 1 39 
of check valve assembly 66 defined by tail 96, which is 
a low-pressure area whil flow is occurring and little af- 
fect d by pressure in the fuel tank 12. 

Advantageously, th fu l-delivery control apparatus 
22 is a collapsible, tubular member that fits easily in a 
fuel tank filler neck and contracts within its own length 
to open, th reby displacing only the liquid fuel n ces- 
sary to allow air or fuel vapor escape from within variable 



siz chamber 1 30 formed in torpedo 88, 90 through th 
vent aperture 1 38 formed in a downstream portion of 
fixed tail 96 or through other side vents. The result is a 
positive, spring-closed valve whose opening resistance 

s does not vary greatly in fuel vapor versus in liquid fuel. 
Referring to Fig. 3, fuel-delivery control apparatus 
22 includes an axially extending flow direction change 
area 41 near the outer end 40 of housing module 62, an 
axially extending constant cross-section flow area 43 

10 defined by flow annulus 136, and the axially extending 
diffuser area 39. As described previously, the flow area 
for liquid fuel 48 increases slightly from the axially outer 
end of flow direction change area 41 to the axially inner 
end of flow direction change area 41 . Such fuel flow sta- 

15 bilizes in constant cross-section flow area 43 due to the 
constant cross section in flow annulus 136. 

A second embodiment of a fuel-delivery control ap- 
paratus in accordance with the present invention is 
shown in Figs. 4 and 5. Elements in Figs. 4 and 5 having 

20 reference numbers used in Figs. 1-3 perform the same 
or similar functions as they perform in connection with 
the embodiment of Figs. 1-3. In this second embodi- 
ment, an annular elastomeric seal (e.g., seal member 
1 91 ) is added to the valve member to establish a positive 

25 seal when the fuel delivery control apparatus 122 is 
closed. 

Fuel-delivery control apparatus 222 is shown in 
greater detail in Figs. 4 and 5. Apparatus 222 is config- 
ured to regulate flow of liquid fuel and fuel vapor be- 

30 tween fuel tank 1 2 and filler neck 1 4. Fuel-delivery con- 
trol apparatus 222 includes a housing module 162 
formed to include fuel-delivery channel 164 extending 
therethrough from axially inner end 1 38 to axially outer 
end 140. Fuel-delivery control apparatus 222 further in- 

35 eludes an inlet check valve assembly 1 66 positioned to 
lie in f ue l-delivery channel 1 64 and regu late flow of liquid 
fuel and fuel vapor therethrough. 

Housing module 162 is an elongated sleeve-like el- 
ement made of plastics material such as acetal. Housing 

40 module 162 includes a cylindrical inner tube 168, a cy- 
lindrical outer tube 1 70, and an annular mounting flange 
172 between tubes 168 and 170. The housing module 
162 is illustratively installed in fuel tank inlet tube 32 as 
shown in Fig. 4 so that inner tube 168 extends through 

45 fuel tank inlet tube 32 and into interior region 26 of fuel 
tank 12, annular mounting flange 172 engages an out- 
ermost end of fuel tank inlet tube 32, and outer tube 1 70 
lies outside of fuel tank inlet tube 32 and connects to the 
discharge outlet 36 of the small-diameter tube 44 defin- 

50 ing filler neck 14. 

As shown in Fig. 4, the out r tub 170 has a cylin- 
drical interior wall 178. Illustratively, the inlet apertur 
182 of outer tube 170 has an internal diam ter that is 
nearly equivalent to th internal diamet r 46 of the 

55 small-diameter tube 44 and has a transv rse cross-sec- 
tional area of 0.545 inch (1.38 cm). Junction 176 defines 
a throat" section of housing module 1 62 and, as shown 
best in Fig. 5, includes a first conical interior wall 184 
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defining a throat inlet angle 185 of about 35°. Junction 
176 also includes a second int rior wall 186 defining a 
throat exit angle 187 of 15°. Preferably, the throat exit 
angle 187 lies in a range of 10° to 25°. 

Inlet check valve assembly 166 includes a support 5 
base 188 attached to housing module 162 and a valve 
member 1 90 mounted for sliding movement on support 
base 188. A conical nose portion 189 is mounted on a 
forward end of a base portion 161 included in valve 
member 1 90 and an annular seal member 1 91 made of 10 
an elastomeric sealing material is clamped in a fixed po- 
sition between base portion 161 and conical nose por- 
tion 189 as shown in Fig. 4. A spring 1 92 is arranged to 
act against support base 1 88 and yieldably urge annular 
seal member 1 91 into engagement with a circular valve is 
seat defined by first conical interior wall 1 84 inside hous- 
ing module 162. Inlet check valve assembly 166 is po- 
sitioned to lie in the fuel-delivery channel 164 formed in 
housing module 162 as shown in Fig. 4. Illustratively, 
valve member 190 includes annular seal member 191 20 
and is slidable between a channel-closing position 
shown in Fig. 4 and a channel-opening position shown 
in Fig. 5. 

Support base 188 includes an elongated tail 196 
and a mounting fixture 1 98 for supporting elongated tail 2s 
1 96 in a position extending through fuel-delivery chan- 
nel 164 and along the longitudinal axis 99 of housing 
module 162 as shown in Figs. 4 and 5. Mounting fixture 
1 98 includes a mounting sleeve 210 for snap-fitting into 
the inner end 1 38 of housing module inner tube 1 68 as 30 
shown in Fig. 4. Mounting fixture 198 also includes a 
thin, trapezoidally shaped, radially extending support 
flange 212 having one longitudinally extending edge 
2 1 4 appended to an interior wall of mounting sleeve 210 
and another longitudinally extending edge 216 append- 35 
ed to an exterior surface of elongated tail 196. The 
mounting fixture 1 98 functions to mount support base 
1 88 in a rigid fixed position in fuel-delivery channel 164 
without disrupting or otherwise increasing turbulence of 
liquid fuel flow through fuel-delivery channel 1 64. *o 

Support base 188 further includes a guide sleeve 
218 appended to tail 196 and configured to receive a 
portion of base portion 161 and spring 192 therein as 
shown, for example, in Fig. 4. Illustratively, guide sleeve 
218 is formed to include an axially extending passage 45 
220 as shown in Fig. 4. Support base 188 also includes 
an annular ring-shaped stop flange 322 extending 
around Ihe circumference of tail 196 and facing toward 
annular valve seat 184 formed in housing module 162. 

Illustratively, tail 196 has a som what conical so 
shape. As shown in Fig. 4, tail 1 96 has a broad end fac- 
ing toward annular valve seat 184, a distal tip lying inside 
fuel tank 12, and a conically shaped exterior side wall 
converging from the broad end to the distal tip. Guide 
si eve 21 9 is appended to the broadest end of tail 1 96. ss 

Valve memb r 190 is movable between a channel- 
closing position shown in Fig. 2 and a channel-opening 
position shown in Fig. 3. Base portion 1 61 of valve mem- 



ber 190 includ s a cylindrical out r sle ve 201 around 
guide sleeve 218 and a cylindrical inner sleeve 203 in- 
side guide sleeve 218. Spring 1 92 is positioned to lie in 
an annular space 230 provided between guide sleeve 
21 and inner sleeve 203. An inner end of spring 1 92 en- 
gages a wall formed on tail 1 96 and an outer end of 
spring 192 engages an annular flange 205 on valve 
member 190. Annular flange 205 is positioned to inter- 
connect concentric outer and inner sleeves 201, 203 
and to abut an axially inwardly facing side of annular 
seal member 191 as shown best in Fig. 5. 

The inner sleeve 203 is oriented to extend away 
from valve seat 184 and into passage 220 formed in 
guide sleeve 218 as shown, for example, in Fig. 4. An 
interior region of cylindrical outer sleeve 201 on slidable 
base portion 161 and an interior region of guide sleeve 
218 on fixed support member 188 cooperate to define 
a closed interior region or chamber 230 of variable size 
receiving spring 192 therein. 

Spring 192 is illustratively a coiled compression 
spring configured normally and yieldably to urge valve 
member 1 90 in an axially outer direction moving annular 
seal member 191 into engagement with conical valve 
seat 184 formed in junction 176 of housing module 162 
as shown in Fig. 4. Such engagement effectively cbses 
the fuel-delivery channel 164 formed in housing module 
162. Engagement of annular seal member 191 and 
valve seat 184 will establish a zero-leak connection in- 
side housing module 162 blocking transmission of any 
liquid fuel or fuel vapor through fuel-delivery channel 
164. 

Support base 188 is formed to include an annular, 
ring-shaped stop flange 322 around an exterior portion 
of guide sleeve 118 as shown, for example, in Fig. 2. An 
annular stop face 235 is appended to an axially rear- 
wardly facing edge of cylindrical outer guide sleeve 201 . 
Annular stop face 235 is arranged to confront the axially 
forwardly facing annular stop flange 322 on support 
base 188 as shown in Figs. 4 and 5. 

In use, spring 192 normally urges movable valve 
member 190 in an axially outward direction in fuel-de- 
livery channel 1 64 along axis 99 away from fixed support 
base 188 so that annular seal member 191 engages 
conical valve seat 184 to close fuel-delivery channel 164 
as shown in Fig. 4. during tank refueling, liquid fuel 48 
discharged into filler neck 14 by the fuel<Jispensing 
pump nozzle not shown) passes into outer end 140 of 
fuel-delivery channel 164 strikes conical-shaped nose 
member 188, and moves nose member 189 in an axially 
inward dir ction against spring 1 92 along axis 99 to a 
retract d position disengaging conical valve seat 1 84 as 
shown in Fig. 5. Now liquid fuel 48 is free to pass along 
and around an xterior surface of nose member 1 84 and 
through a flow annulus 236 d fin d between a cylindri- 
cal interior wall 237 of housing module 162 and an ex- 
terior surface of cylindrical outer sleeve 201 as shown 
in Fig. 5. 

Illustratively, components in fuel-delivery control 
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apparatus 222 are sized and shaped so that the effec- 
tive "opening" area provided by flow annulus 236 is 
about 110% to 115% of the effective opening area pro- 
vided by in let aperture 1 82 at the outer end 1 40 of hous- 
ing module 162. This small increase in the effective s 
opening area between the inlet to fuel-delivery channel 
164 and a maximum external diameter of support base 

188 and valve member 1 90 functions to minimize turbu- 
lence of liquid fuel 48 passing around support base 188 
and valve member 190 through fuel-delivery channel 10 
164 on its way from filler neck 14 into fuel tank 12. Min- 
imizing liquid fuel turbulence during refueling helps to 
retard creation of fuel vapor during refueling which can 
advantageously preen premature pump nozzle shutoff 
and development of unwanted fuel system back pres- 15 
sure. 

Illustratively, the inlet check valve assembly 166 
has a somewhat torpedo-like" shape as shown in Figs. 
4 and 5. In the embodiment shown in Figs. 4 and 5, the 
transverse cross-sectional area of flow annulus 236 is 20 
0.754 square inch (4.63 square centimeters) and the in- 
ternal diameter of inlet aperture 182 is 0.684 square inch 
(4.41 square centimeters). The torpedo (e.g., valve 
member 190 and support base 188) collapses within its 
own length to provide the passage opening through flow 2s 
annulus 236. Therefore, if inlet check valve assembly 
166 is partially submerged in liquid fuel 48 when it is 
desired to open flow annulus 236, no existing liquid fuel 
48 must be displaced to allow valve member 1 90 to 
move to the opened position shown in Fig. 5. 30 

Air or fuel vapor within the interior of the torpedo- 
like inlet check valve assembly 166 when the assembly 
166 is in its closed position shown in Fig. 4 is vented out 
through a single vent aperture 238 formed in support 
base 88 and extending along longitudinal axis 99 to fa- 35 
cilitate movement of valve member 1 90 to the retracted 
position shown in Fig. 5. When back pressure is created 
in fuel tank 1 2 by closure or restriction of a vapor flow 
path, this pressure reacts through the vent aperture 238 
formed in tail 196 to assist spring 192 in moving the 40 
valve member 190 to its closed position shown in Fig. 
4. If this feature is not desired, the vent can be a series 
of radial holes in the diffuser section 139 of the tail 1 96, 
which is a low-pressure area while flow is occurring and 
little affected by pressure in the fuel tank 12. 45 

A bolt 207 is provided to anchor conical nose portion 

1 89 to base portion 161 so as to trap annular seal mem- 
ber 191 therebetween as shown in Figs. 4 and 5. Bolt 
207 includes a threaded portion 209 engaging nose por- 
tion 189 and a head portion 211 ngaging tail 196 and so 
base portion 161 . As shown in Fig. 4, base portion 161 

is formed to include an outer passage 213 r c iving 
thr aded portion 209 of bolt 207 and a larger diameter 
inner passage 215 rec iving a part of h ad portion 211. 
Illustratively, annular fiang 205 and inner sle v 203 ss 
are formed to provide out r passage 213 and inner 
sleeve 203 is form d to provide inner passage 215. An 
axially inwardly facing annular flange 21 7 is formed at 



the junction betw en outerand inn r passages 21 3, 215 
as shown in Fig. 4 to receive bolt head portion 211 and 
cause annular seal member 1 91 to be trapped between 
base portion 161 and conical nose portion 189. 

As shown in Figs. 4 and 5, bolt head portion 211 is 
quite long and is sized to slide back and forth in exhaust 
passage 238 formed in tail 196 during movement of 
valve member 1 90 between its opened and closed po- 
sitions. The outer diameter of bolt head portion 211 is 
sized relative to the inner diameter of vent passage 238 
to provide a clearance path therebetween through which 
air and fuel vapor can flow to facilitate (1) venting of 
chamber 230 du ring open ing of inlet check valve assem- 
bly 166 and (2) pressurizing of chamber 230 at appro- 
priate times when inlet check valve assembly 166 is 
closed. 

Although annular flange 322 on tail 196 can be en- 
gaged by annular flange 236 on base portion 161 of 
valve member 1 90 to block axially inward movement of 
valve member 190 away from circular valve seal 184 
formed in housing module 162, the innermost end 219 
can engage an axially outwardly facing flange 221 in 
vent passageway 238 to block movement of bolt 207, 
base portion 161, annular seal member 191, and nose 
portion 189 away from circular valve seat 184 Space 
between bolt end 21 9 and tail flange 221 is shown in 
Fig. 4. Engagement of bolt end 219 and tail flange 221 
is shown in Fig. 5. 

Referring to Fig. 5, fuel-delivery control apparatus 
222 includes an axially extending flow direction change 
area 1 41 near outer end 150 of housing module 1 62, an 
axially extending constant cross-section flow area 143 
defined by flow annulus 236, and an axially extending 
diffuser area 239. As was the case in the embodiment 
of Figs. 1-3, the flow area for liquid fuel 48 increases 
slightly from the axially outer end of the flow direction 
change area 1 41 to the axially inner end of flow direction 
change area 141. Such fuel flow stabilizes in constant 
cross-section flow area 43 due to the constant cross 
section in flow annulus 236. 

A third embodiment of a fuel-delivery control appa- 
ratus in accordance with the present invention is shown 
in Figs. 6 and 7. Elements in Figs. 6 and 7 having refer- 
ence numbers used in Figs. 1 -3 or 4-5 perform the same 
or similar functions as they perform in connection with 
the embodiments of Figs. 1-3 or 4-5. In this third embod- 
iment, a compact fuel-delivery control apparatus is pro- 
vided for regulating flow of liquid fuel and fuel vapor 
through a fuel tank inlet. 

Fu l-delrvery control apparatus 422 is shown in 
great r d tail in Figs. 6 and 7. Apparatus 422 includes 
a housing modul 362 that fits in tank ini t 32 and an 
inlet check valve assembly 366 that regulat s flow of 
liquid fuel and fuel vapor between fill r neck 14 and fu I 
tank 12. Housing modul 362 is formed to include a fuel- 
deliv ry channel 364 extending from axially inner end 
338 to axially outer end 340. 

Inlet check valve assembly 366 includes a support 
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base £38 attached to housing module 162 and formed 
to inch de a guide channel 323, a slide m mber 325, an 
annular seal member 191, an annular clamp member 
327, aid a spring 192. Slide member 325 includes a 
somewhat conical nose portion 389 facing toward the s 
axially « >uter end 340 of housing module 362 and an ax- 
ially inwardly extending sliding guide stem 329 extend- 
ing, into the guide channel 323 formed in support base 
388. Annular clamp member 327 is mounted on slide 
member 325 to clamp annular seal member 1 91 in the io 
position shown in Figs. 6 and 7. 

Spring 1 92 is mounted normally to urge slide mem- 
ber 325 to the flow-blocking position shown in Fig. 6 
wherein annular seal member 191 sealingly engages 
valve seat 184. Spring 192 includes an outer end en- is 
gaging an inner face of annular clamp member 327 and 
an inner end placed in a shallow receptacle formed in 
support base 388. During refueling, liquid luel 48 admit- 
ted into housing module 162 through filler neck 14 
strikes nose portion 389 and urges slide member 325 20 
inwardly to compress spring 1 92 as shown in Fig. 7. 
Once refueling is complete, spring 192 functions to re- 
store slide member 325 to its flow-blocking position 
shown in Fig. 6. 

A vent passage 438 is formed in sliding guide stem 2s 
329 as shown in Figs. 6 and 7. Vent passage 438 helps 
to vent fuel vapor extant in space 430 between support 
base 388 and clam member 327 during refueling as 
shown in Fig. 7. Also, vapor pressure in tank 12 can 
reach space 430 at other times to help spring 1 92 urge 30 
slide member 325 to its flow-blocking position. 

Although the invention has been described and de- 
fined in detail with reference to certain preferred embod- 
iments, variations and modifications exist within the 
scope and spirit of the invention as described and de- 35 
fined in the following claims. 



2. The system of claim 1, wherein the support base 
includes an elongated tail extending along a longi- 
tudinal axis of the housing module and a guide 
sleeve connecting to the tail, receiving the valve 
member and the spring therein, and slidably engag- 
ing the valve member. 

3. The system of claim 2, wherein the housing module 
includes a valve seat in the fuel-delivery channel, 
the valve member includes a closure member fac- 
ing the valve seat and a slidable guide stem 
appended to the closure member and oriented to 
extend away from the valve seat, and the guide 
sleeve is formed to include a passage receiving the 
slidable guide stem. 

4. The system of claim 3, wherein the guide stem is 
formed to include a chamber receiving the spring. 

5. The system of claim 3, wherein the spring is 
arranged to surround the guide stem. 

6. The system of claim 5, wherein the tail is formed to 
include a passageway extending therethrough and 
the guide stem also extends into the passageway 
formed in the tail for sliding movement therein dur- 
ing movement of the valve member between the 
channel-closing and channel-opening positions. 

7. The system of claim 2, wherein the support base 
further includes a stop flange and the valve member 
includes a guide stem slidably engaged to the guide 
sleeve, a closure member appended to the guide 
stem to move therewith, and a stop face appended 
to the closure member and arranged to confront the 
stop flange on the support base. 



Claims 

1. A fuel-delivery control system for a fuel tank, the 
system comprising 

a housing module formed to include a luel- 
delivery channel, and 

a check valve assembly positioned to lie in the 
fuel-delivery channel, the check valve assem- 
bly including a support base appended to the 
housing module, a vafve member slidably cou- 
pled to the support bas formovem ntbetwe n 
a channel-closing position engaging th hous- 
ing module and a channel-op ning position dis- 
engaging the housing module, the support 
base and valve member b ing form d to 
include a closed interior region therebetw n, 
and a spring lying in th closed interior region 
and yieldably urging the valve member toward 
its channel-closing position. 



40 



8. The system of claim 7, wherein the spring has one 
end engaging the closure member and another end 
engaging the tail. 



9. The system of claim 7, wherein the stop flange is 
ring-shaped and the valve member includes an 
annular stop face oriented to face in a first direction 
4$ toward the ring-shaped stop flange and a dome- 
shaped closure member appended to the annular 
stop face and oriented to face in a second direction 
opposite to the first direction. 

so 10. The system of claim 2, wher in the tail has a coni- 
cally shaped ext rior side wall and th support base 
further includes a mounting fixture having a mount- 
ing sleev engaging the housing modul and a radi- 
ally ext nding support flange interconnecting the 
mounting si v and th conically shaped ext rior 
side wall. 

11. The system of claim 2. wherein the tail has a coni- 
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cally shaped exterior side wail and the tail has a 
broad end and a tip, the conically shaped exterior 
side wall converges from the broad end to the tip, 
and the guide sleeve is appended to the broad end 
and formed to include a portion of the closed interior 5 
region. 

12. The system of claim 1, wherein the support base 
includes a guide sleeve and the valve member 
includes a guide stem slidably engaged to the guide io 
sleeve and a closure member appended to the 
guide stem to move therewith. 

13. The system of claim 12, wherein the housing mod- 
ule includes a valve seat in the fuel-delivery chan- is 
nel, the closure member faces toward the valve 
seat, the guide stem extends away from the valve 
seat, the closure member is a dome-shaped ele- 
ment having an external surface normally engaging 

an interior wall of the housing module upon move- 20 
ment of the valve member to the channel-closing 
position to block flow of fuel vapor and liquid fuel 
through the fuel-delivery channel and an opposite 
internal surface, and the guide stem is a cylindrical 
tube having one end appended to the internal sur- 2s 
face and another end extending into and slidably 
engaging the guide sleeve. 

14. The system of claim 1, wherein the check valve 
assembly further includes a mounting fixture inter- 30 
connecting the housing module and the support 
base, the housing module has an interior wall defin- 
ing the fuel-delivery channel, and the mounting fix- 
ture includes a mounting sleeve engaging the inte- 
rior end of the housing module and a flat plate hav- 35 
ing one edge integrally appended to the mounting 
sleeve and another edge integrally appended to the 
support base. 

15. The system of claim t, wherein the support base 40 
includes a spring mount engaging one end of the 
spring and a stop flange, and the valve member 
includes means for engaging the stop flange to limit 
axial movement of the valve member relative to the 
support base in a channel-opening direction. 

16. The system of claim 15, wherein the stop flange is 
positioned to lie in axialfy spaced-apart relation to 
the spring mount, the stop flange is a ring-shaped 
memb r formed to include a central ap rture, and so 
the spring passes through th central aperture. 

17. The system of claim 15, wherein the support base 
includes a guide sleeve form d to include a pas- 
sag wayr ceiving the spring and t rminating at the ss 
spring mount and the stop flange is appended to an 
exterior surface of the guide sleeve. 



18. The system of claim 1, wherein the check valve 
ass mbly is teardrop shaped, the support base is 
conicaliy shaped, and the teardrop-shaped check 
valve assembly includes a mounting fixture inter- 
connecting the housing module and the conically 
shaped support base. 

19. The system of claim 18, wherein the housing mod- 
ule has an interior wall defining the fuel-delivery 
channel and the mounting fixture includes a mount- 
ing sleeve engaging the interior wall of the housing 
module and a flat plate having one edge integrally 
appended to the mounting sleeve and another edge 
integrally appended to the support base. 

20. The system of claim 1 , wherein the support base is 
formed to include a vent passageway communicat- 
ing pressurized air and fuel vapor between the fuel- 
delivery channel and the closed interior region so 
that air and fuel vapor in the closed interior region 
is discharged through the vent passageway into the 
fuel-delivery channel during movement of the valve 
member to its channel-opening position and pres- 
surized air and fuel vapor in the fuel-delivery chan- 
nel is discharged through the vent passageway into 
the closed interior region to assist the spring in mov- 
ing the valve member to its channel-closing position 
during movement of the valve member to its chan- 
nel-closing position. 

21. The system of claim 20, wherein the support bas 
includes an elongated tail extending along a longi- 
tudinal axis of the housing module and a guide 
sleeve connecting to the tail, receiving the valve 
member and the spring therein, and slidably engag- 
ing the valve member, and the elongated tail is 
formed to include the vent passageway, afirst open- 
ing into the vent passageway in fluid communica- 
tion with the closed interior region, and a second 
opening into the vent passageway in fluid commu- 
nication with the fuel-delivery channel. 
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